We have been using heteroduplex analysis to assay individual exons within the NF1 gene in an effort to identify disease causing constitutional mutations in neurofibromatosis type 1 patients. Here we report the identification and characterisation of four insertional NF1 frameshift mutations in an analysis of exons 28-39 in a set of 78 patients. These include three 1 base pair insertions and one 2 base pair insertion. Three of these mutations can be attributed to replication slippage errors, while the mechanism behind the fourth may be related to formation of secondary structure during replication. It may be of significance that a majority of the previously reported small insertions in NFl also lie within exons 28-39. The relative levels of transcripts from each NF1 allele in patient 2's white blood cells were determined by RT-PCR and allele specific oligonucleotide (ASO) analysis via slot blots, as previously described.5 The ASO oligonucleotide specific to the normal sequence was 5' TTTATTATGCTTCGGAA 3' and the oligonucleotide specific to the mutant sequence was 5' TTTATTATAAGCTTCGG 3'. Signals obtained in the ASO assay were quantified on a densitometer (Millipore Biolmager).
The relative levels of transcripts from each NF1 allele in patient 2's white blood cells were determined by RT-PCR and allele specific oligonucleotide (ASO) analysis via slot blots, as previously described.5 The ASO oligonucleotide specific to the normal sequence was 5' TTTATTATGCTTCGGAA 3' and the oligonucleotide specific to the mutant sequence was 5' TTTATTATAAGCTTCGG 3'. Signals obtained in the ASO assay were quantified on a densitometer (Millipore Biolmager).
Results and discussion Four frameshift insertions were detected and characterised. (1) Patient 4 has an A inserted into exon 37 (6791insA, where 6791 is the base in the cDNA sequence just before the insertion, 1 being the first base in the translation start site). This same mutation has been recently reported in an unrelated patient by Upadhyaya et al,6 who postulate that this region of exon 37 may be hypermutable. There is no obvious similarity in phenotype between these two patients. specific genes (EVI2A and EVI2B) transcribed from the opposite strand of intron 27b. The function of these genes is not known, but it is conceivable that there is some relationship between NFI mutations in exon 28 and regulation of these genes.
Three of these mutations (the single base insertions) could be attributed to slippage during replication. In each case, the extra base is inserted next to an identical base (that is, insertion of an A next to an A). The independent recurrence of 6791insA suggests that there might be a driving force behind insertions at specific sites. Insertions can also be mediated by secondary structure. The two base AA insertion seen in exon 29 of patient 2 occurs in the middle of a 40 bp stretch that is 75% A+T. This sequence could provide an opportunity for secondary structure formation and subsequent mispairing during replication.
It has been suggested that NFI mutations, like frameshift mutations in many other genes, can result in reduced levels of mutant transcripts relative to normal ones.5 9 
